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摘要 
随着电子器件微型化进程的不断加快，主流计算机芯片的制程已经步入纳米
级，由此带来的功耗增加和散热问题，已经成为芯片制造上无法回避的难题。为
了解决芯片集成度越来越高，而散热空间却严重不足的窘境，芯片制造商不仅要
进一步优化制造工艺，也对具有良好导热性能的纳米材料有着迫切的需求。而石
墨烯作为一种真正意义上的二维材料，同时具备优异的电学性能和超高的热导率，
使得人们对其作为一层高导热材料应用到微纳米电子器件中充满了期待。但是，
在实际应用过程中，石墨烯的热导率不可避免地受到诸如应力、缺陷、褶皱、杂
质原子、层间作用力以及与衬底耦合等因素的影响。其中，层间作用力对双层及
多层石墨烯热输运性质的影响还存在一些争议，而且有关堆叠方式对双层石墨烯
的热导率的改变至今还停留在理论分析的层面。因此，本论文围绕不同堆叠方式
下双层石墨烯的热导率的变化展开研究，结合铜基化学气相沉积(CVD)法、
Raman 光谱技术、非接触光学法等测试技术，着重从单晶石墨烯的生长、双层石
墨烯的生长机理，以及不同堆叠方式下双层石墨烯热导率的测量等方面开展了一
系列研究，主要取得如下研究成果： 
单晶石墨烯的制备方面，分别利用铜基 CVD 法和“种子法”，在 Cu 衬底表
面生长出了毫米级和多层取向可控的单晶石墨烯，为以后研究 CVD 石墨烯多晶
结构对热导率的影响提供了实验基础。 
双层石墨烯的生长机理方面，利用同位素追踪法，结合 Raman 光谱技术、
飞秒二次离子质谱仪等表征手段，对不同生长条件下双层石墨烯的生长过程进行
了研究，并基于石墨烯在 Cu 衬底上生长的表面自限制生长机理，提出了两种细
分的生长模型，即微腔 CVD 和扩散式生长机制，为我们以后进一步实现可控晶
畴大小和层厚的石墨烯生长，打下了坚实的基础。 
石墨烯热输运性质方面，选用基于无损性 Raman 光谱技术且具有样品易于
制备、污染性较小和数据分析简便等优点的非接触光学法，结合铜基 CVD 生长
技术，对 AB 堆叠和乱层堆叠的双层石墨烯的热导率进行了测量，得到了一系列
随温度变化的热导率数值；抛开非接触光学法对测量结果产生的误差，可以看出
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不同堆叠方式下双层石墨烯的热导率存在一定的差异；根据已有的理论分析结果，
我们认为这种差异来源于乱序堆叠方式破坏了 AB 堆叠的对称性，而并非层间范
德瓦尔斯(van der Waals)力。同时，改变后的声子谱表现出的空间折叠性会增加
一些声子间倒逆散射的几率，进而导致乱层堆叠的双层石墨烯的热导率要低于
AB 堆叠的石墨烯。 
关键词：石墨烯；化学气相沉积；热输运 
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Abstract 
With an increasingly rapid rate of the miniaturization of electronic devices, the 
mainstream computer chips have been processed at nanoscale size. The increasing 
power consumption and heat removal problem caused by this trend been inevitable 
during the manufacture of computer chips. In order to resolve the dilemma between the 
high integration level of chips and a severe lack of heat dissipation space, manufacturers 
not only need to continue optimizing the manufacturing process but also to discover 
nano-materials with excellent thermal conductivity. As a two-dimensional material with 
both outstanding electrical properties and excellent thermal conductivity, graphene has 
been taken as a type of promising material to be applied in micro- and nano-electronic 
devices. However, within the practical application, its thermal conductivity is inevitably 
affected by such factors as strain, defects, wrinkles, isotope effects, interlayer 
interaction and substrate effects in supported graphene. Among these factors, the 
influence of thermal conductivity of bilayer or multilayer graphene caused by interlayer 
interaction has been a controversial issue. Furthermore, whether the distinctive stacked 
bilayer graphene own different thermal conductivity has been studied only by 
theoretical analyses. This thesis, thereby, combined with several characterization 
methods, such as chemical vapor deposition (CVD) on copper substrate, Raman 
spectroscopy, and optothermal Raman measurement technique, investigates the 
mechanism how bilayer graphene with different stacking order changes the thermal 
conductivity. To cover this critical issue, the research of this dissertation has been 
divided into three parts: the growth of single-crystal graphene, the mechanism of bilayer 
graphene grown by CVD, and the measurements of thermal conductivity of distinctive 
stacked bilayer graphene, respectively. Major results are described as follows:  
Both copper-based CVD and controllable seeding growth have been used to 
synthesize single-crystal graphene. The size of single-crystal graphene, which was 
grown by suppressing evaporative loss of Cu during low pressure chemical vapor 
deposition, has been as large as millimeter. Besides, the crystal orientation of the single-
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crystal graphene islands was found to be identical to that of the graphene oxide seeds, 
as well as the multilayer single-crystal graphene growth has been achieved. These 
experimental results establish the foundation for further research that is focused on the 
influence of grain size of polycrystalline CVD graphene on their thermal conductivity. 
Carbon isotope-labeling technique has been employed to study the mechanism of 
the growth of bilayer graphene under different growing conditions and parameters, 
within the auxiliary measurements like micro-Raman mapping and time-of-flight 
secondary ion mass spectrometry. In addition, we provide two growth mechanisms 
named nano-CVD chamber and carbon diffusion, both of which are based on the well-
known growing theory called self-limited growth on the surface of Cu substrate. It is 
no doubt that our deeper insight into the growth mechanism of graphene on Cu substrate 
will pave the way for the fabrication of controllable grain sizes and layer numbers of 
graphene. 
Using noninvasive optothermal Raman thermometry technique with benefits of 
relatively easy sample fabrication, reduced graphene contamination, and simple data 
analysis to measure the thermal conductivity of different stacked bilayer graphene, 
which were synthesized by copper-based CVD. The experimental result shows a series 
of measurements of thermal conductivity as a function of the measured graphene 
temperature. It is clear that the difference of thermal conductivity of distinct stacked 
bilayer graphene exists in spite of the relatively large experimental uncertainty of the 
measurement technique. In conclusion, the reduction of the thermal conductivity in 
twisted bilayer graphene was explained by modification of the phonon dispersion 
resulting in the onset of additional mini-Umklapp scattering channels for phonons. 
 
Keywords: Graphene; Chemical vapor deposition; Thermal transport
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